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Abstract:

The mission, work scope, practices and experiences of a technical and scientific support organization to Chinese industry are described, and some challenges are discussed and finally, some recommendations are proposed to resolve these problems face by TSO.

1 Introduction

Research Institute of Nuclear Power Operation (RINPO), founded by China government in 1982 while China started to develop nuclear power plant in Qinshan, is a typical and important technical and scientific support organization (TSO) to the nuclear industry, whose mission is to “provide technical support and service to the industry for assurance of safe, reliable and economical operation of nuclear power ”.

The technical and scientific supports to the industry provided by RINPO consist of two parts, one is to China nuclear power industry administration government, China Atomic Energy Authority (CAEA), and the other is to the Nuclear Power plants.

2 Technical and Scientific Support to the Industry Administration 

2.1 Nuclear Power Operation Assessments
RINPO, becoming and being China INPO, provides technical support to China Nuclear Power Operational Assessment Committee, to co-organize comprehensive peer review and assessment, specific peer review and assessment to Chinese nuclear power plants periodically in accordance with the planning and schedule adopted by the Committee. The first peer review was conduced for Qinshan Phase 2 in 2004, and has achieved excellent result because the peer review team members came from China nuclear power plants, who have experience of peer review, understand Chinese culture and speak home language. Last year, a joint peer review with WANO-PC was performed for Daya Bay Nuclear Power Plant in March 2006. And a specific peer review focusing on training was performed for Qinshan phase 1 last August. 

2.2 Operational Experience Feedback for Chinese Nuclear Power
Operational Experience (OE) feedback for Chinese nuclear power is to collect and analyze the operational experiences from operational Chinese nuclear power plants and other nuclear power plants through IAEA, WANO and the Industry, and feedback to Chinese nuclear power plants for their reference. An intranet “China Information Network for Nuclear Operation” (CINNO) has been set up in RINPO and been sharing for Chinese nuclear power plants and relevant engineering/designing organizations. On the other hand, OE documentation and information including “China Nuclear Power Operation Annual Report”, “Production Quarterly Report of Operational Nuclear Power Plants”, and “Operational Experience Feedback Report” have been issued periodically by RINPO in cooperation with the owners and the industry. 

2.3 License Examination of Reactor Operators and Senior Operators.
According to the regulatory requirements, China Standard specification and the nuclear power type, RINPO compiles test questions for reactor operator and senior operator’s examination, each examination only be applicable to the typical plant, such as the test for Qinshan phase 2 is different from that of DNMC, because the plant systems and specifications are different between them although they are PWR reactor. Now RINPO is investigating and studying the necessity and possibility to conduct additional the psychological test for the reactor operator candidates.

2.4 Technical support to CAEA for INES and IRS of IAEA, and WANO
RINPO provides technical and scientific support to World Association of Nuclear Operators (WANO-TC), to CAEA for INES and IRS of IAEA, and to CAEA for Asian Nuclear Safety Network in operation and training.

2.5 Technical Support for NPP Operational Emergency
On the basis of our desktop simulators of all NPPs in China and analytical simulator, and engineering expertise, RINPO provides technical support for NPP operational emergency. 

2.6 Compiling “China National Report under the Convention of Nuclear Safety”.
RINPO provides technical and scientific support to NNSA in some area such as compiling “National Report under the Convention on Nuclear Safety” and participating in the discussion and clarification thereof among the State members.

3 Technical and Scientific Support to the Nuclear Power Plants

3.1 Engineering, Maintenance and Modification

Engineering and experiment are the basis and foundation for any technical and scientific support activities. RINPO performs engineering and experiment for the key components of nuclear power plants, such as Steam Generators and pressure retaining vessel to accumulate experience and knowledge. On the basis of these researches, RINPO provides technical and scientific support to the NPPs for the key equipment maintenance & modification and lifetime assessment. For example, an integrated solution for Steam Generator, which covers SG R&D, M&R during operation and ageing and life management, provides an all-around lifetime technique support for NPP. Now, RINPO is assisting QNPC and TQNPC to implement SG ageing management.
RINPO also designs and manufactures special maintenance tools for the NPPs such as Underwater Vacuum Cleaner, Television Inspection Tools, Creeper Manhole Seating, and Plug Special Handle Tool for Thimble Plug Assembly, etc to improve the reliability and efficiency of maintenance activities during outage. 

3.2 In-service Inspection
The purpose of in-service inspection is to find out changes of material properties even growth of flaws, which arise from the components being exposed to influence such as stress, temperature, irradiation, hydrogen absorption, corrosive attach and fretting. So the pre-service inspection (PSI) and in-service inspection (ISI) are very important to the safe operation of nuclear power plant. 

RINPO develop the art of state technology of PSI and ISI to improve reliability and accuracy of the inspection, and perform PSI and ISI for Chinese nuclear power plants using the validated technologies, competent engineers and approved procedures. RINPO also conducts the diagnostics for the valves during outage. 

The indication or defects found during the inspection or test shall be assessed and evaluated if they are excess to acceptable criteria stipulated in the Code and procedures.

3.3 Training and Qualification

Many kinds of training methods and components have been developed by RINPO to improve the capability of relevant persons. RINPO develop or upgrade different simulators to be used for different involvers, such as full scope simulators for reactor operator or senior operator training, multifunctional simulators to senior managers training, principle simulators for middle class engineers training, and analytical simulators for regulatory engineers and safety engineer training. RINPO develop virtual reality (VR) technology based training systems, including refueling simulator, assembly and maintenance system, Valve and Weld Locating System, Nuclear Island Equipment Searching VR System, DCS Simulation Technology, and Design V&V Environment for the training operator, maintenance engineers and technician and contractors. RINPO design and manufacture many Mock-ups such as reactor pressure vessel, steam generator, pressurizer, and fuel assemble for training.

3.4 Operational Management Software

The tailor made operational management software could improve not only the safety of the plant operation, but also the efficiency and performance of the plant operation. RINPO develop different operational management software for the NPPs, such as Work-permit Management System (WMS), Chemical Data Management System (CDMS), Operational Experience Management System (OEMS), Training Management System based on Systematic Approach to Training (TMS-SAT) and etc.

3.5 Quality Assurance Consultants and Technical Support

RINPO provides QA consultation and training for nuclear suppliers of China including construction, commissioning and operation in NPP, scoped with IAEA, HAF and ISO relevant code or guideline. Now, they are studying the transition from QA based management system to Integrated one.

4 Challenges and Recommendations 

4.1 Challenges Faced by TSO

a) Different Kind of Reactors Need Difference Technologies to Support

One of the main challenges faced by Chinese TSO including RINPO is that the operating nuclear power plants equip different reactor, for example, for Qinshan 1 with one unit Chinese 300MW PWR, Qinshan 2 with 2 units Chinese 600MW PWR, Qinshan 3 with two units 728MW CANDU reactor, and Daya Bay with 4 units 900 plus PWR, but for Tianwan with 2 units 1000MW VVER. It’s meant that the TSOs in China need more knowledge and experts to provide supports to meet the regulator and industry requirements. 

b) Stronger Market Competition May Result in TSOs’ Support Ineffectively 

China is planning to build more than 30 units nuclear power with 1000 MW each by 2020, which need more competent experts to provide technical supports. High development of nuclear power induces more opportunities for TSOs and also may result in stronger competition between them. So, another challenge is that increasing competition among TSOs arisen from rapid development of nuclear power in China may result in insufficiency of competent technical and scientific experts and lower quality of the support. The competition between TSOs is necessary, but excessive competition may decrease the objectivity, equity and accuracy of TSOs’ evaluation, make TSOs appropriate and reasonable financial resources to be reduced, their ability of continuous research and improvement to be weakened, and also result in resource waste, such as repeat construction of research facilities, repeat research in the same areas, etc. This situation would finally do harm to the benefit of all the concerned parties.

c) New Nuclear Power Technology requires New Technology to Support

China is constructing LingAo phase two project, Hongyanhe project with 900 MW PWR technology and Qinshan phase two unit 3 & 4 with 600 MW PWR. And China is planning to build more nuclear powers with the third generation technology such as AP1000, or/and EPR1400 recently. The new generation nuclear power will need the TSO to develop new technology providing support for the regulator and the industry.

4.2 Recommendations and Suggestion 

a) Enhancing Training to TSO Participants

Training, not only in class, but also on the job is essential to improve the knowledge, skill and ability of the TSOs’ participants. Advanced training facilities and measures shall be developed and used, such as Mock-up, virtual reality simulator, and plant tour during outage. And IAEA should develop its programme to assist TSOs of Member States in human resource development by organizing training courses at international, regional, sub-regional and national level.

b) Enhancing communication between TSOs and Stakeholders

Communication shall be enhanced among the licensee, regulatory, industry, owner and TSO to make them share the information and understand the requirements and actions. More opportunity should be provided for the TSO to meet together, sharing good practice and resources, and exchanging technical knowledge and experiences.

c) Enhancing Cooperation among TSOs and Stakeholders
The TSO shall establish long term, stable, honest and mutual beneficial relationship with the industry, the owners they service, and the regulators to improve the safety and reliability of nuclear power operation. And TSO for regulator and TSO for industry should work together in developing common research work on nuclear and radiation safety, though the function of TSO for regulator and TSO for industry may be not same, In addition, International cooperation should pay more attention to the countries with emerging nuclear programme to ensure that a high level of safety is achieved.

d) Enhancing the Sharing TSOs’ Resources 

It is suggested that the TSOs’ resources should be shared between regulators and industry/operators so that a better way could be found to make TSOs more functional, cooperative and effective. The regulator can share the equipment, technology and human resource from the TSO for the industry, and vice versa.

e) Enhancing TSO Involvement in IAEA Standard and Guideline 

IAEA standards and guideline are now extremely valuable to guide national regulatory activities, However, IAEA standard and guideline need to be continually updated to reflect new developments, especially that of nuclear emerging country such as China. TSOs should be more involved in this process and make more contribution in the developing of new IAEA standards and guideline. However, at present, only a few TSOs are involved in the development of IAEA safety standards and guideline. 

f) Establishing TSO International Regular Conference  

It is suggested that some international conference like this conference should be organized regularly by IAEA in order to help and guide the activities of TSO in the member States.

5 Conclusions
The booming of China nuclear power development would bring more opportunities to the TSO for regulator and TSO for industry, and also result in more challenges thereto. Effective measures should be taken to resolve these problems and to improve the knowledge, skill and capability of the TSO to assure the safety and performance of nuclear power operation.

